Latent growth models were applied to data on multitrial verbal and spatial learning tasks from two independent studies.
U N C O R R E C T E D P R O O F 81
We also examined three extensions of the basic model. First, the relations between estimates of crystallized 82 intelligence (Gc) and fluid intelligence (Gf) and the growth curve parameters were investigated by adding them into the 83 growth model as covariates (e.g., McArdle & Nesselroade, 2003) . These covariates are portrayed in the dashed square 84 portion of Fig. 1 , where it can be seen that the level and slope parameters of the growth curve model are regressed on 85 both Gc and Gf. 86 A second extension of the basic model consisted of simultaneously estimating growth curve parameters for different 87 age groups. Possible differences in the parameters across groups were investigated by constraining the parameters to be 88 equal, and then determining whether allowing the parameters to be freely estimated resulted in a significant 89 improvement of the fit of the model to the data (e.g., McArdle & Nesselroade, 2003) . 90 The third extension of the model consisted of simultaneously estimating growth curve parameters for either two or 91 three variables, which is known as a multivariate growth curve model (e.g., McArdle & Nesselroade, 2003) . Of 92 particular interest in this type of multivariate model are the correlations among the level and slope parameters across 93 different tasks, such as the verbal and spatial learning tasks, or three parallel versions of the verbal learning task. The data in this data set were collected by Davis and colleagues (see Salthouse & Davis, 2006 , for a recent report of 97 this project). There were a total of 2453 participants ranging from 5 to 92 years of age (M = 32.6, SD = 22.4), 2124 of whom performed the Rey Auditory Verbal Learning Test (Schmidt, 1996) , 1997 of whom performed a picture-99 matching spatial learning test, and 1579 of whom performed both tests. Because of the wide age range and the interests 100 to investigate the observed relations in different age groups, the sample was divided into five groups for subsequent 101 analyses. Descriptive statistics for this sample are presented in Table 1 .
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For the verbal learning test, a list of 15 unrelated words was presented followed by an attempt to recall as many of 103 the words as possible. This procedure was repeated five times with the same words presented in a different order each 104 time. The primary measure of performance was the number of words recalled correctly on each trial.
105
The spatial learning test was a modified version of a game known as Concentration or Memory. It consisted of a 106 display of a matrix of 24 cells, with the participant attempting to find matching pictures by selecting two cells on each 107 trial. If the pictures in the selected cells matched, they were grayed out and removed from play for the rest of the trial. If 108 they did not match, the pictures were again concealed and the participant made another selection of two cells. This 109 procedure continued until all of the matching pictures were selected on a given trial. The trials were repeated five times 110 with the same pictures in the same locations. The primary measure of performance was the percentage of selections on 111 each trial that were optimal in terms of minimizing redundancy and maximizing information gain. 
Results
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The average trajectories for verbal learning and spatial learning are plotted in Fig. 2 . The latent growth model was 122 first fitted to the data for each task separately. The model parameters indicated that after listening to the word list for the verbal learning slope parameter in the 5-12 group. These results indicate that Gc and Gf were generally not related to 156 learning in either the verbal and spatial learning tasks but was related to the initial level of performance in the verbal 157 learning task.
158
Finally, the correlations between the level parameters and the slope parameters in verbal and spatial learning were 159 estimated by a simultaneous bivariate growth model. These correlations are presented in Table 2 , where it can be seen 160 that the level parameters were significantly correlated in each age group except for the 13-18 group. However, the 161 slope parameters were not correlated significantly with each other. These results indicate there may exist a general 162 ability that influences the initial level of performance for the verbal and spatial learning tasks, but there does not appear 163 to be a material-independent learning ability that influences rate of learning. The data in Data Set 2 were collected by Salthouse and colleagues (e.g., Salthouse, 2004) . There were a total of 583 167 individuals ranging from 19 to 97 years of age (M = 51.5, SD = 19.7) who were administered variants of the Wechsler 168 Memory Scale III Word Lists subtest across three separate sessions, with an average time interval from the first to the 169 third session of 10.5 days. On each session a list of 12 unrelated words was presented to the participants followed 170 immediately by an attempt to recall as many of the words as possible. This procedure was repeated four times with the 171 same words in the same order. However, each session involved different words. The primary measure of performance 172 was the number of words recalled correctly on each trial.
173
All of the participants also completed six tests (see Salthouse, 2004 for detailed descriptions of the tests) that yielded 174 three measures of crystallized intelligence (WAIS III Vocabulary, Woodock Johnson-R Picture Vocabulary, Synonym variables was .69, and the median of the remaining correlations was .25. 
The data were divided into three age groups and descriptive characteristics of the sample are presented in Table 3 .
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Gc and Gf were calculated by adding the standardized scores of the intelligence measures. Gc and Gf were positively 181 correlated with one another, and Gc increased with age whereas Gf decreased across successive age groups. Fig. 3 portrays mean performance on each trial for the three age groups in each session. Latent growth models were 184 fitted to the data from each session. Parameter estimates for the growth curve model across the three sessions were very 185 similar, and a multiple-group analysis revealed no significant differences in the parameter estimates across the three 186 sessions. The initial recall averaged 6.30 words and by the fourth trial it had increased by 3.73 words. The individual 187 differences in the level and slope parameters were both significantly greater than zero, indicating that people varied in 188 both their initial level of performance and learning. with preclinical dementia in the older samples. 216 We are only aware of one other attempt to study short-term spatial learning. Glahn, Gur, Ragland, Censits, and Gur 217 (1997) used a visual object learning test and found that learning was not significantly different between younger and older participants as assessed with a simple difference score measure of learning. This finding is consistent with the 219 results of the current study, in which the age effects were primarily on the level parameter and not on the slope parameter.
220
There have been several prior reports of correlations of learning parameters with various cognitive variables, but the 221 cognitive variables were usually treated as though they were independent, and were not considered at the level of 222 cognitive abilities rather than individual variables (Jones et al., 2005; Nettelbeck et al., 1996; Royall et al., 2005) . Here 223 we used composite scores to represent fluid and crystallized aspects of intelligence. We found that those measures of 224 cognitive ability were significantly related only to the level parameters and not to the slope parameters. We also found 225 little evidence that either fluid or crystallized intelligence was associated with faster learning in either verbal or spatial 226 learning task. Furthermore, the rates of learning were not significantly correlated across the verbal and spatial tasks.
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The results from Data Set 2 indicate that slopes of verbal learning were moderately correlated across sessions, and thus 228 there was sufficient reliability for verbal and spatial slope parameters and the slope parameters should have been 229 correlated with one another if a true relation existed.
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Our results therefore suggest that it is reasonable to distinguish between general cognitive ability and general 231 learning ability. Participants with higher performance on the initial level of the verbal learning task also performed 232 better on the initial level of the spatial learning task, whereas participants who learned faster on the verbal task did not 233 necessarily learn faster on the spatial task. We conclude that there may be a general (e.g., material-independent) ability 234 associated with initial level of performance in different types of tasks, and that this general ability is related to both Gc 235 and Gf. However, there was no general learning ability (Woodrow, 1946) corresponding to the rate of improvement or 236 learning across different types of tasks. Instead, for each type of material, there appears to be a unique ability associated 237 with learning on that particular task. The finding that verbal learning was moderately correlated across three separate 238 sessions of testing further suggests that these material-specific abilities were stable and enduring traits, at least over the
